PVC/CdS nanocomposites have been prepared by solution casting method taking 2, 4, 6 and 8 wt% of CdS nanoparticles. PVC/CdS nanocomposites were characterized through TEM measurement. The measurement of effective thermal conductivity of PVC/CdS nanocomposites has also been done using transient plane source (TPS) method. The effects of concentration of CdS nanoparticles and temperature on the effective thermal conductivity of polymer PVC/CdS nanocomposites have been studied. The variation of effective thermal conductivity with the concentration of filler particles and temperature has also been discussed in terms of dispersion of filler particles into polymer matrix and phonon scattering mechanism, respectively.
Introduction
Nanoparticles of II-VI group semiconducting materials have received much attention due to their unique optical and electronic properties resulting from quantum size effect [1, 2] . Cadmium sulphide (CdS) is an important semiconducting material of II-VI group which has its potential applications in sensors, photovoltaic devices, light emitting devices etc. because of their optical, photoluminescence and electroluminescence properties [3] [4] [5] [6] [7] [8] [9] .
The field of dispersing semiconducting nanoparticles within a polymer matrix is of sufficient interest because of the possibility of producing polymer nanoparticle composite based devices which can be processed in required geometries, morphologies and composition with consequent control over the different electro-optical properties. Therefore, it is important from the fundamental and practical point of view to understand the effects of the incorporation of particles on the physical and chemical properties of the polymer. The properties of filled polymer generally depend on size, shape and nature of the filler particles, their concentration as well as the type of their interaction with polymer matrix.
Among the polymers, poly(vinyl chloride) (PVC) is one of the most common and popular thermoplastic polymers having the characteristics like low price, good optical transparency, excellent electric and thermal insulation and good reproducibility, which are used for the production of various agricultural, domestic, pharmaceutical, medical and other devices [10] [11] [12] . Studies on synthesis and physical properties of PVC based nanocomposite have been reported by many researchers such as PVC/montmorillonite (MMT) [13] , PVC/ZnO [14] , PVC/ CNT [15, 16] , PVC/CaCO 3 [17] , PVC/ZnS [18] , PVC/Cd (ZnO) [19] , PVC/CdS [20] , PVC/organo-clay [21] etc. It has been observed that the incorporation of nanomaterials into PVC improves the thermal stability, glass transition temperature, specific heat and mechanical properties. To the best of our knowledge and also from the literature survey, no effort has been made to investigate the thermal transport properties such as thermal conductivity of PVC based nanocomposites. The knowledge of thermal properties is required prior to any potential application as the environmental and thermal stability of the material should be known to identify the optimal condition for the performance of a device. The thermal conductivity is that thermal property which is required to describe the heat transfer through the material. The effect of temperature on the thermal properties of a polymer nanocomposite is of great practical importance because most polymers are produced at relatively high temperature and have application in a wide temperature range. In view of the above, in the present study thermal conductivity of PVC/CdS nanocomposite has been measured using transient plane source (TPS) method. The results of thermal conductivity with the temperature and concentration of CdS nanoparticles have been discussed. acetate and thiourea [22] . 1 M solutions of cadmium acetate and thiourea have been prepared in the dimethylformamide (DMF) respectively. These solutions were mixed thoroughly with the help of magnetic stirrer. Then this mixed solution was heated at 70˚C for 3 hrs. This heated transparent solution gradually turns into yellowish turbidity. After 3 hrs, the precipitate of CdS has been collected by filtering the solution. Then this precipitate was dried in the vacuum of 10 −2 torr for 10 hrs. The dried precipitate has been crushed into fine powder using mortar and pestle.
Preparation of Polymer Nanocomposites
The obtained powder of CdS nanoparticles has now been used to prepare PVC/CdS nanocomposites by solution casting method [23, 24] . In this method, firstly PVC has been dissolved in tetrahydrofurane (THF) solution by magnetic stirrer for 2 hrs and then CdS nanoparticles with different wt% (2, 4, 6 & 8) have been dispersed into THF solution containing PVC. The obtained solutions have been agitated by ultrasonicator to get the uniform distribution of nanoparticles in the solution. These solutions have been poured in the petri dishes to obtain the PVC/CdS nanocomposite films with different wt% of CdS. After 2 days, the nanocomposite films have been taken out from the petri dishes and dried in vacuum of 10 −2 torr for 12 hrs to remove the solvent.
Transmission Electron Microscope Measurements
The transmission electron microscopy (TEM) measurements of PVC/CdS nanocomposites have been performed on TECNAI G2 20 U-TWIN system operating at an accelerating voltage of 200 kV. The samples for TEM measurement have been prepared by dissolving PVC/ CdS nanocomposite films in THF solvent using ultrasonicator. A drop of prepared solution was placed on the carbon coated copper grid and solvent removed by evaporation at room temperature.
Thermal Conductivity Measurements
Transient plane source technique has been used to determine the thermal conductivity of films of PVC/CdS nanocomposites. Details of TPS technique have been given elsewhere [25, 26] . For the measurement of thermal conductivity of thin film with thickness of the order of microns, the experiment is performed in two steps. In the first step, TPS sensor (heat source or temperature sensor) is sandwiched between the two samples having smooth surfaces, and then this arrangement is placed between the two auxiliary metal (stainless steel) pieces. Data for the temperature increase over a given time are collected using the Hot Disc Thermal Constant Analyzer. In the second step, the experiment is repeated with the sensor sandwiched between the same two pieces of the metal and data for the temperature increase are again collected taking the same experimental conditions as mentioned in the first step. Employing these two temperature increase, thickness of the film and power delivered to the sample, the effective thermal conductivity (λ) can be determined through the following relation:
where P is the output of power given to the heat source (sensor), A is the area of conducting pattern of heat source, Δx is the thickness of thin samples and ΔT is the temperature difference across one of the samples. The factor 2 is due to the symmetrical distribution of heat flux on both sides of the sample. Figures 1(a)-(d) show the TEM micrographs of PVC/CdS nanocomposites. From the figure, it is observed that dispersed CdS nanoparticles create considerable change in morphology of the pure PVC. In PVC/CdS nanocomposites, 2 wt% of CdS nanoparticles in PVC have almost uniform dispersion in the PVC matrix. The average particle size of CdS nanoparticles is 10 nm. The particles are agglomerated at higher weight percentage of CdS nanoparticles. The agglomeration increases with the increase of CdS nanoparticles. It is maximum for 8 wt% CdS nanoparticles in PVC.
Results and Discussion

Study of Morphology
Study of Effective Thermal Conductivity
The variation of effective thermal conductivity of PVC/ CdS nanocomposites has been studied from room temperature to 110˚C. The experimentally observed value of effective thermal conductivity for PVC at room temperature is 0.08 W/m-K. The variation of effective thermal conductivity of PVC/CdS nanocomposites with temperature is shown in Figure 2 . It is seen that the effective thermal conductivity of the nanocomposites shows a similar trend of increasing almost linearly upto a temperature which is characteristic to each sample and beyond that temperature effective thermal conductivity shows approximately constant but different value for the different samples. This temperature is often called glass transition temperature, T g of the composite. The above mentioned behaviour of effective thermal conductivity is explained on the basis of structural changes occurring in PVC and PVC/CdS nanocomposites during the heating. In the amorphous polymers like PVC the thermal conductivity in the low temperature region (in the vicinity of room temperature) is controlled by the variation of phonon mean free path. For PVC the phonon mean free path is very small [27] because of presence of numerous defects in the amorphous state at room temperature. Certain defects such as bend in chains, gap between two chains, chains of smaller length than others are created in the system during polymerization of the polymers. Therefore in the temperature region (from room to characteristic temperature) the dependence of effective thermal conductivity is controlled [28, 29] by the variation of phonon mean free path due to structure scattering and chain defect scattering of the phonons. As the temperature increases from room temperature upto T g , the polymer chains straighten out more and more, increasing the corresponding mean free path. This results in the minimization of chain defects and thus the contribution to the corresponding thermal resistance decreases linearly with the rise in temperature and as a result effective thermal conductivity increases almost linearly.
In the temperature range above T g , scattering by micro-voids (vacant site scattering) imparts important contribution to the thermal resistance in addition to structure scattering. As the temperature increases above T g , polymer transforms gradually from amorphous state to rubbery state. During this transformation, individual polymer units and small chain segments undergo intensive thermal motion producing large torsional rotations and sliding of chain segments. This has two fold effects on the structure of the system: firstly the dominant chain movements create some vacant sites or micro-voids which scatter phonons in the similar way as the point defects; secondly the number and size of these microvoids increase with the increase of temperature. Consequently, the contribution of vacant site scattering to the thermal resistance will increase linearly with temperature and will limit to a constant value.
It is also observed from Figure 2 that the effective thermal conductivity of all composites (CdS 2, 4, 6 wt%) except with 8 wt% of CdS nanoparticles is higher than the pure polymer (PVC). This behaviour can be explained on the basis of the structure acquired by the composites in the presence of different concentration of filler nanoparticles of CdS. For lower (2 wt%) concentration of filler particles a uniform dispersion of nanoparticles is observed in the polymer nanocomposite and a compact structure is acquired resulting into a reduced free volume (nanoparticles acquire the position of voids) and higher effective thermal conductivity in the entire range of temperature [30] . When the filler concentration of CdS nanoparticles increases from 2 wt% to 4, 6 and 8 wt%, a small and increased clustering of CdS nanoparticles is observed in the composites respectively. This change in dispersion increases the particle-particle interaction and decreases the polymer-particle interaction and thus acquiring loose structures as compared to one when CdS filler concentration was 2 wt%. Composite material behaves like two phase material with increasing porosity and hence a decrease in effective thermal conductivity is observed in the whole temperature range of study.
It is interesting to note from Figure 2 that the thermal conductivity of nanocomposite containing 8 wt% of CdS into polymer has got the effective thermal conductivity even less than the effective thermal conductivity of pure polymer for all the temperatures under study. This phenomenon is explained [31] by very low efficiency of heat transfer due to interfacial thermal resistance between particles and matrix, so that the higher thermal conductivity of the filler cannot be taken into advantage and the composite behaves like a hollow material, thus reducing its conductivity compared to the dense reference matrix.
Conclusions
Following conclusions have been drawn from the studies:  The increase of effective thermal conductivity of PVC/ CdS nanocomposites increases upto glass transition temperature is attributed to the straightening of the chains and removal of defects. Almost constant value of thermal conductivity beyond glass transition temperature is explained on the basis of structure and vacant site scattering of phonons.  Thermal conductivity of nanocomposites also increases up to 2 wt% of the nanoparticles and beyond this wt%, it decreases, which is due to compact structure of nanocomposites and agglomeration of the CdS nanoparticles, respectively.
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